Ideal cardiovascular health has been defined by the American Heart Association as the absence of clinically manifest cardiovascular disease together with the presence of favorable levels of cardiovascular health metrics. The ideal metrics are hard to achieve and the aim of this study was to assess the association between favorable cardiovascular health and perceived overall quality of life (QoL).
Introduction
Noncommunicable diseases (NCDs) are the leading cause of deaths worldwide and the majority of these deaths are caused by cardiovascular disease (CVD) (Mendis et al., 2015) . To prevent and control NCDs, the World Health Organization (WHO) has launched a global action plan focusing on major risk factors for CVD (World Health Organization, 2013) . Furthermore, the American Heart Association (AHA) has introduced a concept of 'Ideal cardiovascular health', with cut-off values for optimal levels of cardiovascular (CV) health metrics. The concept is defined by the absence of clinically manifest CVD together with the presence of favorable health behaviors and health factors. To achieve optimal levels of all these health metrics, the person should be non-smoking, have a normal body mass index (BMI), a healthy diet and fulfil the recommendations for physical activity. He/ she should have untreated blood pressure < 120/80 mmHg, untreated total cholesterol < 5.18 mmol/l (< 200 mg/dl) and a fasting plasma glucose of < 5.55 mmol/l (< 100 mg/dl) (Lloyd-Jones et al., 2010) .
However, the ideals of CV health are hard to achieve. In the US only 0.1% -2% of adults reach the ideal levels in all 7 metrics (Folsom et al., 2011; Yang et al., 2012) . In Finland 9% of women and 3% of men aged 25-74 years reach at least 5 ideal metrics (Peltonen et al., 2014) . The benefit of striving for these ideals seems to be significant, with reference to CVD and even all-cause mortality (Yang et al., 2012) . Positive association between favorable CV health and health-related quality of life (HRQoL) in the US adult population has also been reported previously (Allen et al., 2015; Odom et al., 2016) . In these studies HRQoL was assessed using an HRQoL4-instrument, which focused on the loss of healthy days caused by physical or mental illness (Allen et al., 2015; Odom et al., 2016) . To date, however, data are sparse on the association between ideal CV health and perceived overall quality of life (QoL) .
Despite the indisputable benefits of healthy habits, we are aware that some patients become very stressed about lifestyle recommendations. Although even vigorous physical activity seems to be beneficial for reducing stress and improving mental health in young adults (Gerber et al., 2014; VanKim and Nelson, 2013) , we hypothesized that striving for strict health ideals, such as recommended level of physical activity, might provoke stress, especially among individuals working full time. This could even reduce their overall QoL and, in fact, exacerbate the difficulty in achieving these metrics. The aim of this study was to evaluate the association between favorable CV health, assessed with a modified version of the 'ideal CV health' concept, and perceived overall QoL in an employed population.
Methods

Participants
This cross-sectional study was part of the PORTAAT study (PORi To Aid Against Threats) conducted among employees of the city of Pori (83,497 inhabitants in 2014) in southwestern Finland in 2014. The participating work units were selected by the chief of the Welfare Unit of Pori. Invitations and study information were sent to employees by email by the managers of the ten selected work units (total number of employees 2570). The employees willing to participate contacted the study contact person at their work unit, who then sent their contact information to the study nurse. There were no exclusion criteria. The population invited to participate in the study consisted of the active work force, which already excluded for example persons with significant ongoing illnesses. A total of 836 employees (104 males, 732 females) responded, the gender distribution corresponding to the standard gender distribution of the Pori employees. Respondents were invited to an appointment to enroll with the study nurse. The participants' occupations included librarians, museum employees, janitors, computer workers, social workers, nurses, physicians, administrative officials, and general office staff.
Ideal cardiovascular health metrics
Smoking status was assessed by a questionnaire. Non-smoking was defined as having never smoked or having quit smoking > 12 months ago.
Height and weight were measured by a study nurse with subjects in standing position without shoes and outer garments. Weight was measured to the nearest 0.1 kg with calibrated scales and height to the nearest 0.5 cm with a wall-mounted stadiometer. BMI was calculated as weight (kg) divided by the square of height (m 2 ). The ideal BMI was < 25.0 kg/m 2 .
Physical activity was assessed using a questionnaire about the frequency and duration of leisure time and commuting activities in a typical week. Fulfilling the recommendation for physical activity was defined as engaging in ≥150 min per week of moderately intense activities or ≥75 min per week of vigorously intense activities (Lloyd-Jones et al., 2010) .
Information about the diet was collected with a food-frequency questionnaire. Daily consumption of vegetables, fruits, whole grains, unsaturated dietary fats, and white meat (poultry, fish) at least three times a week was considered a healthy diet. Intake of the ideal level of each dietary component was scored with one point for a range of 0-5. The dietary metric was considered ideal, if a score of 4-5 was achieved (Veromaa et al., 2017) .
Blood pressure (BP) was measured by a study nurse with an automatic validated blood pressure monitor with subjects in a sitting posture, after resting at least 5 min. Two readings taken at intervals of at least 2 min were measured, and the mean of these readings was used in the analysis. BP was considered ideal if the systolic BP was < 120 mmHg and the diastolic BP was < 80 mmHg untreated, or treated to goal with primary preventive medication.
Laboratory tests were determined on blood samples which were obtained after at least 8 h of fasting. Total cholesterol was measured enzymatically (Architect c4000/c8000). The ideal total cholesterol was < 5.18 mmol/l (< 200 mg/dl). Glucose tolerance was measured with glycated hemoglobin (HbA1c) which was analyzed using High Performance Liquid Chromatography -method, HPLC, (Tosoh HLC-723G7 (G7)). The AHA metric uses fasting plasma glucose to determine normoglycemia, however we used HbA1c because of its property of giving an indication of glycemia over several preceding weeks rather than at a single time point (Selvin et al., 2007) . Normoglycemia was defined as HbA1c < 42 mmol/mol (< 6.0%) (International Expert Committee, 2009). Both total cholesterol and glucose tolerance were categorized as ideal, if the goal levels were achieved either untreated or with primary preventive medication.
The ideal metrics were defined as binary variables, the participants either achieving the ideal or not. We used a modified version of the classification, where BP, total cholesterol and glucose tolerance treated to goal were also regarded as ideal. This was based on the European Guidelines on CVD prevention (Piepoli et al., 2016) , where these medications are in non-complicated cases handled as primary prevention for CVD. The metrics were grouped into three categories by achievement of 0-2, 3-4 or 5-7 of them. This classification is based on previous research on AHA ideals, where it was used to describe poor/ unfavorable (0-2 ideal CV health metrics), intermediate (3-4) and ideal/favorable (5-7) levels of cardiovascular health. (Willis et al., 2015) 
Quality of life
QoL was assessed with the EUROHIS-QOL 8-item index (Power, 2003) . This is a shortened version of the WHOQOL-Brefscale (THE WHOQOL GROUP, 1998; WHOQOL Group, 1998 ). The EUROHIS-QOL instrument has been validated in several European countries (Schmidt et al., 2006) . The participants of the present study answered the questions (as described in Table 2 ) at home before the baseline examination. Every question was scored from 1 to 5 (1 for very poor and 5 for very good). All scores were then added together and divided by 8 (the sum of the questions) to obtain the EUROHIS-QOL mean score (Schmidt et al., 2006) .
Other measures
Information was gathered using self-administered questionnaires and medical records concerning diseases diagnosed by a physician, medication used regularly, marital status (cohabiting or not), having children < 18 years of age, education level (vocational school, collegelevel education, university-level education), sleep quality (very good, good, poor or very poor), and sleep duration. Alcohol consumption was assessed using the 3-item Alcohol Use Disorders Identification Test (AUDIT-C) with a cut-off of 5 points for harmful alcohol use in women and 6 points in men (Aalto et al., 2006; Bush et al., 1998; Tuunanen et al., 2007) . Disease burden was defined as having at least one chronic disease diagnosed by a physician.
Statistical analysis
Means with standard deviations (SD) are presented for numerical variables and counts with percentages (%) for categorical variables in Tables 1 and 2 . Association between categorical baseline characteristics and gender was evaluated with a chi-square test or with a two-sample ttest for numerical variables with an assumption of equal variances E. Bergman, et al. Preventive Medicine Reports 15 (2019) 100922 (Table 1) . Furthermore, to test the association between classified CV health (poor, intermediate or ideal) and characteristics (age, gender, disease burden, cohabiting, children < 18 years, sleep quality, education and items of the EUROHIS-QOL) separately, a one-way analysis of variance or a chi-square test was used (Table 2) . Finally, a multi-way analysis of co-variance was created for a EUROHIS-QOL total score including age, gender, cohabiting, education, sleep quality, CV health as classified and disease burden. F values and degrees of freedom from this model are presented in Table 4 . Confidence intervals (95%) for means were calculated and are presented in Table 3 . Normality assumption was checked visually together with a Shapiro Wilks test. Model based means were estimated from the model and in a case where the categorical factor had more than two categories, the adjusted means between the categories were compared and these p-values were corrected with Tukey's method. All statistical tests were performed as 2sided, with a significance level set at 0.05. The analyses were performed using an SAS System, version 9.4 for Windows (SAS Institute Inc., Cary, NC, USA).
Ethical approval
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/ or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. The study protocol and consent forms were reviewed and approved by the Ethics Committee of the Hospital District of Southwest Finland (ETMK 43/ 180/2013).
Informed consent
Written informed consent was obtained from all individual participants included in the study.
Results
The study cohort consisted of 836 employees with a mean age of 48 (SD 10) years, 87.6% of whom were female. The response rate in the study was 32.5%. Table 1 displays the characteristics of the participants according to gender. The EUROHIS-QOL mean score was 3.92 (SD 0.54) with no significant difference between males and females (p = 0.26). An ideal BMI, diet, BP and glucose tolerance was found more often in the females than the males (all p-values < 0.02). Harmful alcohol use was more common in men (p = 0.001) and the men used statins more often than women (p < 0.001) (Table 1) . Subjective sleep quality was associated with sleep duration (p < 0.0001). The mean average sleeping time increased with better sleep quality and was 5.3 h in very poor sleepers, 6.4 h in poor sleepers, 7.2 h in good sleepers and 7.4 h in very good sleepers. Significant differences in sleeping time were present between all classes of subjective sleep quality (all p-values < 0.02). The prevalence of having an ideal CV health (5-7 ideal health metrics) was 25.1% (n = 210), intermediate CV health (3-4 metrics) 53.6% (n = 448), and poor CV health (0-2 metrics) 21.3% (n = 178) ( Table 1 ). The individuals with more favorable CV health tended to be younger, cohabiting, and better educated. They typically had children < 18 years of age and had better sleep quality ( Table 2 ). The association between age and CV health profiles was significant both with age groups and with age as a continuous variable (both p-values < 0.0001). The proportion of participants achieving 5-7 ideal metrics decreased in the older age groups. It was 36.5% in participants < 45 years of age, 21.8% in 45-54 years of age and 16.9% in participants > 55 years of age.
The EUROHIS-QOL mean score increased according to the total number of ideal CV health metrics. The scores were 3.72, 3.91 and 4.10 among subjects with poor, intermediate and ideal CV health, respectively (p < 0.0001). Additionally, all subcategories of CV health differed significantly from each other (all p-values < 0.0003). The EUROHIS-QOL mean score was significantly higher in participants having a healthy diet, a recommended level of physical activity, normal BMI, normal blood sugar levels and who were non-smoking, compared to those who did not achieve these ideals (Table 3 ). The EUROHIS-QOL mean score was also higher among those who were cohabiting, had good sleep quality, university-level education and did not have chronic illnesses (Table 3) .
Further, the mean scores of the individual items of the EUROHIS-QOL questionnaire increased with more favorable CV health profiles (Table 2) . With poor CV health, the mean values varied between 3.4 and 4.2 while with ideal CV health the mean values varied between 3.9 and 4.4. A significant positive association was present in all 8 items; in addition, most of the pairwise comparisons between QoL mean scores in the three different CV health categories showed significant differences (data not shown).
The significant explanatory variables affecting QoL (Table 3) were entered in the multiway analysis of co-variance and adjusted with gender and age. Good QoL was positively associated in this model with good sleep quality, favorable CV health profile, absence of a disease burden, higher age, university-level education and cohabiting. Sleep quality was the most important factor affecting QoL. The difference of QoL mean score estimates between very good and very poor sleep quality was 0.70 units. For the CV health profiles the estimates varied 0.32 units between the poor and the ideal. Among those with a disease burden the estimate was 0.15 units lower than in the healthy participants (Table 4) .
Discussion
The main findings in this study were that overall QoL increased with better CV health profiles, and good subjective sleep quality showed an even stronger relationship with overall QoL in municipal employees. Other significant predictors of good QoL were the absence of a disease burden, older age, cohabiting and a university-level education.
To our knowledge, there are only two previous studies about the association between ideal CV health and QoL. Allen et al. (2015) and Odom et al. (2016) reported a positive association between ideal CV health and HRQoL assessed with the US Centers for Disease Control and Prevention (CDC) "Healthy Days" -instrument (HRQoL4). They showed that ideal CV health is associated with fewer physically and mentally unhealthy days.
With the EUROHIS-QOL instrument, we managed to show that a favorable CV health is not only associated with good HRQoL, but also good QoL in general. This indicates that the effort for a more healthy life is widely beneficial. The approach to QoL with the EUROHIS-QOL instrument is consistently subjective, which differs from the HRQoL4instrument's quantifiable nature and emphasizes the patient-centered Bergman, et al. Preventive Medicine Reports 15 (2019) 100922 aspect in our results. The difference of EUROHIS-QOL mean scores between ideal (5-7 ideal health metrics) and poor (1-2 metrics) CV health was 0.32 units after adjustment with several factors (Table 4) .
This difference can be considered to be clinically significant, compared to previous studies using the EUROHIS-QOL instrument: the mean scores among depressed populations were 0.39-0.61 units lower than in non-depressed populations (Da Rocha et al., 2012) and the mean scores among chronically ill populations 0.26-0.40 units lower than in healthy populations (Schmidt et al., 2006) . In this regard, our results indicating a somewhat paradoxical finding that ideal blood pressure might be associated with a lower QoL mean score, does not seem clinically significant (Table 3) . With regard to the Finnish national reference values (Koskinen et al., 2012) , the EUROHIS-QOL mean scores in our study population were approximately on the same level. The reference values in Finland are 4.0 in men and 4.0-4.1 in women aged 30-65 years (Koskinen et al., 2012) . In the present study, the mean score was 3.87 in men and 3.93 in women, with no significant difference between genders. When compared to a Finnish population-based study (Peltonen et al., 2014) , the proportion of participants reaching 5-7 ideal health metrics was high in our study population, where 17% of men and 26% of women reached this favorable CV health status. Only 3% of men and 9% of women aged 30-74 years did so in a random sample of the Finnish population (Peltonen et al., 2014) . This difference can be caused by the younger mean age of the participants compared to the reference population, and since we used a modified classification of the BP, cholesterol and glucose tolerance metrics, this may have increased the proportion of participants achieving an ideal CV health profile. Further, our study was conducted among employees, i.e. mostly fortunate individuals. There is some evidence that favorable CV health status is associated with a lower risk of depression (Li et al., 2015) , which raises the possibility of depression being one of the mediating factors in the association between QoL and CV health. However, the prevalence of previously diagnosed depression was low (2.5%) in our study population, which may decrease its importance in our case. Nevertheless, the findings of the present study may only be generalized to an employed, working-age population.
To describe sleep quality, we chose a single question about subjective sleep quality from the Pittsburgh Sleep Quality index, because it has previously been shown to be a strong predictor of QoL also when adjusted with psychosocial risk factors, such as depression (Marques et al., 2017) . This question was chosen over a longer questionnaire because it could also be used at a normal physician's appointment. Interestingly, good sleep quality transpired to be the most powerful factor predicting good QoL in this study. This significant association remained in the multivariable model. In several previous studies poor sleep quality has been found to be associated with poorer QoL (Chang et al., 2007; Eryilmaz et al., 2005; Liu et al., 2011; Palhares et al., 2014) , but the nature of the connection is incompletely understood. In some studies, depression is thought to be the mediating factor (Eryilmaz et al., 2005) , but there is also evidence, that sleep quality could be an independent factor affecting QoL (Marques et al., 2017) . As the prevalence of diagnosed depression was low (2.5%) in this study, it may not be the only explanation behind the connection. However, more research is needed to clarify the mechanisms and probable mediating factors that link sleep quality so closely to experienced QoL.
The major limitation of our study is its cross-sectional nature. We are unable to answer the question of whether the good QoL is a result of a healthy lifestyle or vice versa. However, data in previous literature support the adverse causal effect of poor socioeconomic status on CV health (Clark et al., 2009) , and socioeconomic factors are known to be strong determinants of QoL (Mielck et al., 2011) . In our data, the finding that participants with higher education reached a better CV health level (Table 2) and QoL (Table 3 ) compared to those with lower education, supported this effect. Another limitation in this study is the response rate of 32.5%, which can cause selection bias. It is well known, that people with more risk behaviors are less willing to attend health surveys because they are afraid of receiving negative feedback. In our case, the main purpose for the PORTAAT study, explained to the participants in the invitation letter, was to discover whether stress in modern work life is affecting the employees' health. The fact that the study was not primarily examining the classical risk behaviors and risk factors of cardiovascular health may thus have reduced the bias. However, those who did not want to attend may differ from those who chose to take part in the study. Although the prevalence of depression in active work force is probably relatively low, we cannot discount that, for example, depressive symptoms may have prevented some people from attending the survey. If this is so, their QoL, sleep quality, and health habits would probably also have been worse than the non-depressive employees'. That may result in the fact that our results reflect the situation in the mainly healthy section of the work force. To test this possible bias, we compared some basic determinants of the socioeconomic and health states of our participants to the Finnish population. The prevalence of smoking in our study population was comparable to working age people in Finland (13% in women and 16% in men vs. 14% and 17%, respectively (Helldán and Helakorpi, 2015) ) Every fifth female in our study, as well as on the working age population was obese (BMI ≥ 30). Only men in our study population were more often obese than in Finnish working age population (31% vs.16% (Helldán and Helakorpi, 2015) ). The gender distribution in our study (87.6% females) resembles the distribution among employees of the city of Pori and is close to the distribution among Finnish public sector employees (81.3% women in 2015 (Statistics Finland 2019)). However, the final analyses were also made using only the data from the female participants (data not shown) and the results remained the same as with the whole data. Nevertheless, we are unable to generalize the information from the male participants.
The strength of the study is the combination of clinical and selfreported data. The measurements were made by trained medical staff and many factors affecting QoL could be taken into account. All questionnaires were completed by the participants at home before the baseline examination was performed. With the EUROHIS-QOL instrument the approach to QoL is consistently subjective, which takes into account that good QoL can mean different conditions to different individuals.
Conclusions
This study supported a positive association between ideal CV health and overall QoL among municipal employees, and good sleep quality showed an even stronger relationship with better QoL in this population. These two major factors seemed to affect physical, psychological, social and environmental aspects of QoL. Thus, efforts to develop better CV health, without neglecting other components of good QoL, would be most beneficial for individual as well as for society. These results can be utilized in the promotion of CV health and well-being at a community level as well as at physicians' appointments, especially in primary or occupational health care. The impact of each variable on the outcome is displayed after adjusting for all other variables. SE = standard error. a At least one chronic disease diagnosed by a physician. b Slope value indicates the mean increase in EUROHIS-QOL mean score for one year older person.
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